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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing 
method of a light-emitting device for accurately and 
efficiently cutting a wafer having a laminated structure, and 
to provide a light emitting diode and a semiconductor laser 
element. 

SOLUTION: The method is characterized by comprising 
procures such that: a second groove 27 that reaches the 
substrate 1 from the p-type semiconductor layer 17b is 
formed along a line 5 cut for cutting the wafer 2 in a chip 
shape in a wafer 2 where a p-type semiconductor layer 17a 
made of a III-V-group compound semiconductor and an n- 
type semiconductor layer 17b are laminated on the surface 3 
of a substrate 1; a condensing point P is focused on the 
inside of the substrate 1 facing the second groove 27 for 
being irradiated with a laser beam L; a modified region 7 
formed by multiphoton absorption is formed inside the 
substrate 1; a cut-off origin region is formed inside the 
substrate 1 at a specific distance from the incident surface 
of the laser beam L by the modified region 7; and the wafer 2 
is cut along the cut-off origin region. 
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[0 0 5 8] %*5s Xy?-V^7#?£lCliT>x>j> hx-yf 

oDlSta^iyfy^^S. Sfcs F^fxy^-V 40 
^fcLTliMfclf^tt^^xy^V^ (R I E) , 
i^lyfV^ (RIB), W*V5U 
^KftbS. '«f 1 ©«2 5Stf^2©»2 7 * 

[0 0 5 9] fEl^Ts ^x/N2©S*gl ©ftSPfcs H2 
©«2 7tfiot«J»i©§i«%Mt5 (S 7. 02 
3) „ f**s*x ^2<DSl2 7cDj£®^^-1f3tA«B 

elicit), ifiio nmc^mmm 7 ttmm-rzo c so 
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[0 0 6 0] C CT\ 0 1 9 lis 01 4 ICTn-ZtlTcls— 

mMlZ-$5^T, t> x/n 2 lis l^— ifMTSH 1 0 0 ©* 
H# 10 7 fcs x^ 2 © p 1 7 b IiJOB^ 
MftmisyXl 0 5^*f|Pj-f S<fe-5lc-i3SStiS 0 
fetls If Jtt L lis ^2©pI#«fWB17b|| 

[0 0 G 1 ] 01 9*#St5t, £"fs * 

is, ciow^^ils-jv^Ts ws 1 i^Lta»4 
■tr^agi 0 i^si^ts (s 1 o 1) „ ^33s c<oi/- 

if^Lli^x/N2®pS^#jll 7 bM^^W^tl 
SC£fc&5fc#>s ">xA20«Si2 1 icMZ-iSMytli 

[0062] mv>Ts isi©fst, #1, Rvmmm 

^F«r#JSLTs «>j:/N2 0Ztt75"iRl©^iSfi^^S'rS 
(S 1 0 3) o Ctilis lfil<D«i3i6>&BfSIEirt 
$I©BM©fttMfc: l— If 3tt L OiKJttjjg P *^t>« 3 /2:a6 
tCs «£l©*ffi3 Cr**^ I2(DI2 7©£1) 

2 7lcAft£*l3° 

[0 0 6 3] ^i/n2%1^— tftax^Hi 0 0O«5B^ 
1 0 7fc^xA2(Opi^il 7 bfft>ffitffl3&I 

Mft&Cl 1 7fr^WMft^?&fe*irr'>x;\2©asS£: 
mffl-t% (S 1 0 5) o Wm-ZWa*? x/N2©*ffik::}3 

vt*m<Dm KDmmmm?- \ 2 1 

So 2 ncttjjwiistifcfHRx-^ttJWR 

^T««x-*M$ 1 2 5 lis SUSSt^!! 1 1 7 ©bT 

i^oi^7xA2^2©i2 7 ©ffiHfctenrrs 
* 5 ^£7^* (s 1 07) . 

[0 0 6 4] tlO^S-r— ^riiX-r— $>W»gBl 1 5lc 
3ME.tl3o X-r— ^JfflWP 1 1 5 lis eiO^x— 
airLTZl4.Xx— 1 1 3*zmJjfa<V&9h-£*tZ 

(S 1 0 9) . ctifcit), ^Kffl^Rl 1 7©RT«) i e 
©M6'7xa 2 ©||2 ©j»2 7 0lIVfcWSo * 
*5s JWSt 9 -*®!* 1 2 5lia^^-^fcS^Ts 
^2©«2 7^#ty^x>'N2*B©iAAiii®T :: -^^ 

2©«2 7 {mo)Wzmm<m.^iEftz,<, 

[0 0 6 5] ±^m^ \ 2 7lCli^J6X7 i y7 P S 1 0 

3 T-i£S£ tl^^l&Mx- * Aft £ nr*5 1) s c©^ 
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7"e l ©iiftjs p £Dffig*m* i ©ass 3 & Bserafcrt 

ItaSi^t, ZlftX'T"— v^l 1 3fc<tl3">i/N2^ 
Ztt73l^fc^K)S-a-S (Sill). 
[0 0 6 6] fct^T. U—*?%Ml 0 1 frZU— +F)fcL 
%^S*T.. 1f) , £L$: , }';c>'N2©jg2©j82 7© 
6BtI«t5, U— IfJfc L ©*3faSiP tt&£ l ©rtgfl 
lcffiBLTi/^tDT\ 3fcSM«l7 1 ©ft33fc:©2* 

JgjjS^jflSo £?c, C©£^ N W *f7 l 6L^2©P2 10 
7©ifB<fcDfeR<^Hk:A»LT\ Ig2©»i2 7©:g# 
^fc^*-3#lft©*SMI«7©»fe, Jg2©Si2 7 

9 f 3feL^<l©<fe'5fcA*fr5feii)fct*> <£2© 
«2 7ttBfc*»*l^9%L'©JBBfWt, Sg2©St2 7 

[0 0 6 7] M<^T\ I2©I2 7lC»5 J^fcXffflX 
■x-v^l 0 9^Y«Xf->*l 1 1^K)£#T, Jg2 

©12 7 tc» o ct ^ ic&mmm. 7 *mmm$-z>t>\ & 20 
^se^w v 5 ic»d «Mie^«iiM«s« 1 ©rtasfcj&s 

t5 (S 11 3) . 
[0 0 6 8] cCT\ Sffil 8%#It§J;, T>:ON 

«te»oT*^N2*aBRO^yyic-WBfrS (S 9, 
@2 4) o ffc:*^ i«;^Kf-^2 3Wi;\ 
2©Iffl2 i £W&#iEafc#«~-rci;fc<fctK Sffil 

n3!¥#ttJI 1 7 aRtf pi^fti 1 7 b fcOWfc p 

[0069] jk±wip! Lfc * 5 tc. ^mmmmicmz,^ 
^v2 pM¥nwi i 7 b^^affi i tca-rsm 1 ©s 

2 57£t>lg2©S2 7ftmE2tl£<Iif£:<k^T\ nl! 

1 7 aMpl^iftl 1 7 bjtfffiSOJgKTf 

m^m®. t ^ a Tm.\c i j&a* nsotcsm; 7 t- t, ^ 

7"2 34HOifciaW/^S&*-e»JoT«JBfSnS. Lfc 

1 7 a-f>pS!¥aW«B 1 7 bftHoaUMtifi 
**tS^x/> 2 *iBffllfi*»-^ai*± < «J»ff S Ctff 

[0 0 7 0] icfc, ^in«tSIS!i:7U-FW 
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SHc^vra, SKucu-^jfcLSiSSM-siRte. IS 

2CI2 7 ©jSB^b— fiWHt Lt^5. C©|g 
>>ia 2 ite^^ti^-eWrPS^')' > 5 &SatcgiK 

ofowicto fr&rmmg, < nit « c t § „ 

[0 0 7 2] Sfc, *«j»g»fc:«SSetJlPfO«Bfi35' 
SfcfeV»Tt±, >>xA2li:l2 0l2 7?MtSS 

vytMiimt-r&m&ic. S2oi2 7osstcw5 
[0073] fcfcu ^mmmmin^mm^wmij 

miC&^Tli, a«««7*Jg«-r«BRlC. Sf2©?*2 

©SI2 7©S^lRl©ifB<fct) i fe^<JgjSgLTV-'S„ C© 
SSBfcfciSlc itltf > L— • IfMfi L*»2CI2 7 ©iB<fc «3 

t?v ^2©«2 7<omm<onm^mwmi 7 a *^-+f 

9t L ic a *> mm? 5 <l *B6ihi?* S o 
[0 0 7 4] &43. Sffil ©»B2 1 if^Alt® 

Sffi^7^jgj^L,T i 6»j;^o coi^fc-rnar, ^2© 
127 iDimtm^is: E<omm t * d l ©a» 

fcjl^^l/^^a-T-jfe^Tfcs <>^N2©Sffi 1 ©rtg|5lc 

WKv»2 0»2 7©ftffij;t)fe. S4R1 ©«E2 l © 
•5*^fc N Sffil ©»7Ja2 1 *M*«W*-r5iS:Hb 
MtsrtOT€S. *^3. ^©idicSffii ©SM 

-y2 3^xA2©pf^iMl 7bfii]©BfcBfii, 
[0075] 02 5 ^5S0^SStej;S^^^©S 

^^©^M^^-rsfcfecKfffiE-ej&s. 

«T?B, 1 ©F"3g|5}C43V^T, £K 1 ©ff 
^©^Kffi«7^fig-TSo OT«7^c(?)J:?ti 
^tStli^ Hi 9fc^?nfc7n— h©Xx-y 

ys 1 1 1 (^x/^z«*iftte»i&) txf^ys 1 

13 (E*K^©»^) t*SSSfca»0ff5tJ:^. 
fc*^teff N 8*1 ©JPS^ieifca^L 
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[oo76] *mmt<o ^ ^ k:gsji«« 7 «g«-r a c 

tick t>. SS i ojP^^riRFJcgtfftWBfaiiW**^ 

[0077] **SB^ffi{cJ;S^e^?©S! 

£±Mb7cfftl (OS 2 5RXfm2<DW2 7 fc©«M 
lis ( 1 ) *>*»E 1 3 «k t> *>g£ < 

ftTVStfcs SO* (2) Il©i2 5Ml2©l2 

£T*%>%><, Vx.^2 icj&££ tiS Ml± ft^ - ?? 
[0 0 7 8] 02 7M@2 8l±. ^SKgffifCfcS^ 

[0 0 7 9] 02 7*#ItSts &^&MfcF8^Ztl 

<Dms3±icmmstiitm 1 tts¥tftif$5ni 

ifi^ffcjg 33at n WtW#m 3 3a ±fc«JiS tl/t 
jgttl3 3 b t, fi§ttJl3 3 b ±.lzmm 2 tlfcgT 2 #M 
^¥*#*-l?;&SpS¥«WS3 3 c tmt^s, 
*M#!fc*5<^T. njfi¥V{tii 3 3a. SsttJl 3 3 
b. RtfpSWt:l3 3ca, aNftH©II 

TV>5 0 ftfe. ^JgMiCfetfS !)iA2a^ 01 5 
&tf 0 1 6 iC^Snfc±fE^#B*^©^ jl'n 2 t H«£© 

[0 0 8 0] *SSgMe«feS5S3iaR?o«BEE&S-ettx 
£"T. >>xa2 a©Ii2 1 tX^XAy Fx— ^"2 3 
ftt, 2 a ©pS¥i#l3 3 c«<D 

(0 1 6 #580 trpST, P S¥#Wf33c 

2 8£. »RlO«a3J:5t.»<Jg*LTVSo £ 
ft. t © € , 12 8 ©fiiMSc * i T j JSttM 3 3 b fc 
ftftfrffi 3 5 "*wj*Sn*. £M 3 5 ii. 33b 

[00 8 1] M<^T. »2 8©j£B«rW1f3tA«St 

Ltisi© rt»© ao^s p k i^-if ?6 l nmrrz c 

«7*Jg^L**«5Sl2 8<Dft#73lRJ^»oT*7^P 

^»*r « c t tc <t 5 . a« i cd ftmicwmm&Mt&tt 

l&f&T&v ?IT, 02 Sir^stis^k:.. x^x;^ 
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yFr-7"2 3^#StCJ:(a^ t>jL^N2a^Bf 
3 7^f#S 0 

[0 0 8 2] #£^fc:J;i>#&ftS¥#tf:l'— If*? 
3 7 14. ^cc/n 2 Ic P M¥«WI 3 3 c* ^Sffi 1 IcM 
TZmfcZ-or, nS*ifti3 3a, gttl3 3b, 

ru P m¥m»m 33c mmamfrmtikz tt*> 
u—*fm&<Drctb<D$mm 3 5 a^s-fts 3 3 b xc& 

mm. 1 ^wn^««fc»oTieR«/jN***-ea!ioT 

•WWSftS. LfctfoT. nlfi^3 3a, ?gtt|g 
3 3 b. Htf p3(¥*ft«3 3cftHO«I«fi*Wt 

^ftl"— *f|£y 3 7 i:7b"T'^So 

[0083] j&Lh. ^m<DmtmmRzfmmmic-D^ 
xmm^mmutct)\ *§mi±JM9£timmRzf&&m 
ic^snftv^c tai^ •"»£•■?? *>ftv\> 
20 [oo84] ±mmmmR^mmm-cH±, mmcoum 

S i C, Si. Z n O. A 1 N. RXSG a As&t^ 
ffl^SCfcWTf^So Sfc P S¥»fWBx ffittS. R 

ni^^fcfe. 08*. if G a A 1 A s . GaAlAsP. G 
a A 1 I n Pft¥<DUI-Vmik&M?tm^Z>C.ttfi-Z 

[0 0 8 5] *fc. III-VMk-&#r©*:7b^feM*.{f 
i n x A 1 y G a l-x-y N (X^0. Y>0. X + Y^ 
30 1) T**£n3<£5fcSfl^^III-V^-a* (G a 

»«ic < 6^T51«*-^:€ < . X-y^V^TV- 

S. G a A s ft 2teJt^T»ll!tt*«^« < . WfffcSOR 1 
ft if IcMtk-Z tilt £ 

ft^jiA^BfrSf^Jctt. *^icj;§^^©» 

[0 0 8 6] ±CSe^«SRCf**«!lfc:«W-** 

Tfe^v. 029 (a) ~ (c) i*. ±.mhrcmmmm 

\C%>tf2>V^2<DSM 1 ©«®2 1 ^W^-TS73SO 
— M^t"0X?25So 02 9 (a) IC^tlSi: 

^ic. j/xA2©pi¥»#il 7 bM©Bt;:x-^2 
4^|fiSo -"rLT. 02 9 (b) iC^nSidfc. * 
« 1 <D*ffi2 1 ^rWj*LT. Sffi 1 cOjpS^/jN^ < f 
so S„ CQtZ, yx.^2imm2lM* % ±fa^r$sK>, 
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02 9 (b) tt*|fcfcl4±TiJ»®Hfc:&:-3TV>3. ^ 
Tv 02 9 (c) fC^nS*?^ f-72 4«S 
U SSI <DSM2 1 fcx^X^V F-t— 7°2 3«fl5 

So 

[0087] iHStfttfcfiwv^-fctt. ase^ijawr 
*ia±-rs. mm<ommt^u 

[0088] sfc, ±mmmmmRz?mn®mi. ¥m 

-em 2 mwmtf nit'S^ttiK 

[0 0 8 9] *?t N ±IB*SSJMgT'«U «*Tgj&*tt# 

^^nfe^i/N^^f-rsfc^^ x^x^vf-^— 20 

SSfcHtf&S. 
[0 0 9 0] 

[0®©ffi#&IftBJi] 

[01] U— ifilPXff OS« 1 <0¥Iit$So 40 
[02] Hi tea*-rS«©II-II«te»ofc0fBH*e;» 
S„ 

[0 3 ] U— tf ini*©»K«D 3 FffiHT** So 

[0 4] 0 3 IV- IV»K» -3 ftiffiiTS 

So 

[0 5] 0 3 fcjj^»K©V-V«k:?&o fcWffiBlT?* 

[0 6] «JWfSnfc»R©¥®Hlf.*So 

[0 7 ] *«fffiTlV^ W ^DX^SfC*3(tS« 
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[0 8 ] *mtmmxm^& i^-vmnzmom i n 

t*5^SSffi©ifffi07?$.So 

[0 9] aJ^StJgJftTfMvS 1fS0X^g©^2XS 

te s as© if ffiia-c* s . 

[010] *«96»J6T*ffl^S U—1f A0I7aS©m 3 X 

[0in %$&mf&T?m^z>is— if*Dx^*©^4x 

gfcfettsaffi©Wffi0T-afeSo 
[012] ^SS^TfflV'-S tf;taX;&j£k:<J:D9J 

Lfc0trSS„ 

[013] 2(s«M^t?fflt^su-ifSnx^rmcfeWS 

[014] U— 1fSOXSSOMl»SMJ5g0T?a6So 
[015] **SS^fc^S^*?©»5l73^tC*3V^ 

rfflv>c.ns^ac/N^-r^0T?JBSo 

[016] 01 5tC^^tl?c , J'a:/N© s Fffi0-e$S„ 
[01 7] 01 6 iCj^SWc? jo'VDVI-VlWSRtfVI 

i - vi i mmttmt mjz m-z%> s , 
[his] *mMBm\ci&z§mm?<Dmmjm%:mw 

[019] 01 4£^£tl?cP— IfADX^H^fflt/^T^ 

[020] ^*?oaeeD5rS56*siw-rsfc»«D>>i/N 

©SfB0T2BSo 

[02 1] SBSR^oSii^feWWrsfei&Of x/n 
©if[S0T-a&So 

[022] ssiaffoaBfi^rffiSBiwrsfej&o^i/N 

©M®07?aBSo 

[02 3] «MSR?©«ii*i**BiWrsfc*©^i/N 
O»f®0T^So 

[02 4] «)iaiffo«ifeiSr5**«wrsfci6o^x^N 
€>WB0t?a&S„ 

[025] *mmBmic£%mytm : ?cQ§mjjm<D^m. 

[0 2 6] 4*^J«fcJ:S«J1Si^o9SJfi*ffiOSi|«D 

mmm^mmt s © week** « „ 

[H2 7] **^»fc«tS«3«Sfi?Oti!Jt35a©SijO 

m&m%wm?z> rat <d wmm-v%> s „ 

[02 8] ^^*te*S5e)H^©«3a*SS<!DSiJ<D 

^mvmmt s ©web-p* s . 

[02 9] ^x/N©S*©Krfi^rWJ«-rS73?£cD-M^ 
^•T0T-aBSo 
[^^«DfiW] 

1 • •S*. 2, 2 a-!)i/\ 3-*B, S—WBrRt 
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1 7 a-nffiftl, 1 7 b - pI^WWBs 1 9- 

^yiyf-^a^yy 21 ••-gffl, 2 3- 

X/^Fr-^ 2 4-T-7", 2 5-IlOE 27 
-H2tD«, 2 8-1, 3 33a 
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3 5-«« 3 7-^#U— lf^?, 10 0- 

u— tftacse. 1 0 1 -l^-if^« s 1 0 
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